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ABSTRACT 

Based upon ou r  p rev ious  research  i n  which t h e  v a r i a b l e  o x i d i z i n g  
power o f  p e r c h l o r i c  a c i d  (HC10,) was used t o  determine d i r e c t l y  t h e  
organ ic  s u l f u r  i n  coa l ,  i t  was hoped t h a t  t h i s  p r o p e r t y  o f  HClO, c o u l d  
be a l s o  used t o  determine d i f f e r e n t  forms o f  o rgan ic  s u l f u r  i n  coal .  
This p r e l i m i n a r y  i n v e s t i g a t i o n  i n t o  t h e  usage o f  HClO,  t o  d e l i n e a t e  
between var ious  o rgan ic  s u l f u r  forms was based on model compounds. 
Dibenzothiophene, benzothiophene, d ipheny l  s u l f i d e ,  2 -naph tha lene th io l ,  
d ibenzy l  d i s u l f i d e ,  and d i o c t y l  s u l f i d e  were o x i d i z e d  i n  a Bethge 
apparatus w i t h  H C l O  o f  v a r y i n g  c o n c e n t r a t i o n  and b o i l i n g  p o i n t .  To 
i n s u r e  complete s u l ? u r  recovery ,  gases produced d u r i n g  t h e  r e a c t i o n  
were captured  i n  a t r a p  c o n t a i n i n g  hydrogen peroxide. S u l f a t e  was t h e n  
measured nephe lomet r i ca l l y ,  a f t e r  p r e c i p i t a t i o n  as bar ium s u l f a t e ,  i n  
t h e  res idua l  HClO, s o l u t i o n  and i n  t h e  pe rox ide  t r a p .  No apprec iab le  
amount o f  s u l f a t e  was measured f o r  t h e  aromat ic  compounds u n t i l  a 
temperature o f  17OOC o r  h i g h e r  was reached. However, f o r  d ibenzy l  
d i s u l f i d e  and d i o c t y l  s u l f i d e ,  l a r g e  amounts o f  s u l f a t e  were measured 
i n  t h e  t r a p ,  even a t  lower  temperatures.  The v o l a t i l i t y  o f  t hese  two 
compounds may be a c o n t r i b u t i n g  f a c t o r  i n  t h e i r  h i g h  convers ion  t o  
s u l f a t e .  

INTRODUCTION 

A method f o r  t h e  d i r e c t  de te rm ina t ion  o f  t h e  s u l f u r  forms i n  c o a l  
has been developed which takes  advantage o f  t h e  s e l e c t i v e  o x i d i z i n g  
a b i l i t y  o f  p e r c h l o r i c  a c i d  (1). I n  t h a t  method, s u l f a t e  s u l f u r  was 
e x t r a c t e d  f rom a coa l  sample w i t h  a b o i l i n g  p e r c h l o r i c  a c i d  s o l u t i o n  
hav ing  a b o i l i n g  p o i n t  o f  120OC. 
p e r c h l o r i c  a c i d  i s  a non -ox id i z ing  acid.  I f  any s u l f i d i c  s u l f u r  was 
present ,  i t  was conver ted  t o  hydrogen s u l f i d e  and absorbed i n  t h e  t r a p  
c o n t a i n i n g  15 percent  hydrogen peroxide. The res idue  f rom t h e  12OOC 
r e a c t i o n  was reac ted  w i t h  a p e r c h l o r i c  a c i d  s o l u t i o n  a t  a b o i l i n g  p o i n t  
o f  155OC. 
o x i d i z i n g  power (2).  Thus, p y r i t i c  s u l f u r  was conver ted  t o  s u l f a t e  and 
a s u l f u r - c o n t a i n i n g  gas which was t rapped i n  hydrogen peroxide. The 
res idue  f rom t h e  155OC r e a c t i o n  was reac ted  w i t h  a 9 : l  m i x t u r e  o f  
concent ra ted  p e r c h l o r i c  and phosphor ic a c i d s  b o i l i n g  a t  205OC. A t  t h i s  
temperature,  p e r c h l o r i c  a c i d  i s  a power fu l  o x i d i z i n g  agent (2 ) ,  
c o n v e r t i n g  o rgan ic  s u l f u r  t o  s u l f a t e  and a s u l f u r - c o n t a i n i n g  gas wh ich  
was t rapped  i n  hydrogen peroxide. To ta l  s u l f u r  was de termined by 
r e a c t i n g  another coa l  sample w i t h  t h e  9:l m i x t u r e  o f  p e r c h l o r i c  and 
phosphor ic  acids.  S u l f a t e  was determined t u r b i d i m e t r i c a l l y  i n  t h e  
p e r c h l o r i c  a c i d  s o l u t i o n  and i n  t h e  pe rox ide  t r a p  a f t e r  p r e c i p i t a t i o n  
as bar ium s u l f a t e .  S u l f u r  recove r ies  were good and t h e  r e s u l t s  f o r  
s u l f u r  forms compared w e l l  w i t h  t h e  r e s u l t s  ob ta ined  u s i n g  t h e  ASTM 
procedure (3 )  on t h e  same coals.  

A t  t h e  b o i l i n g  p o i n t  o f  120°C, 

A t  t h i s  temperature,  p e r c h l o r i c  a c i d  beg ins  t o  have some 

The development o f  t h i s  method was 
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based on a s e r i e s  o f  p e r c h l o r i c  a c i d  o x i d a t i o n s  performed on 
coa l -de r i ved  p y r i t e  and t h e  Charming Creek coa l  from New Zealand i n  
which almost a l l  o f  t h e  s u l f u r  was o rgan ic  (4 ) .  

t o  f u r t h e r  v a l i d a t e  t h a t  o rgan ic  s u l f u r  was no t  o x i d i z e d  apprec iab l y  a t  
155OC. The second reason was t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  o f  
d e l i n e a t i n g  between va r ious  o rgan ic  s u l f u r  forms by t a k i n g  advantage o f  
t h e  cons iderab le  v a r i a t i o n  i n  t h e  o x i d i z i n g  a b i l i t y  o f  p e r c h l o r i c  acid.  
It was hoped t h a t  d i f f e r e n t  s u l f u r  f u n c t i o n a l i t i e s  would r e a c t  a t  
d i f f e r e n t  tempera tures  above 155OC t o  produce s u l f a t e  and/or 
s u l f u r - c o n t a i n i n g  gases. To a t t a i n  these  ob jec t i ves ,  severa l  
s u l f u r - c o n t a i n i n g  o rgan ic  compounds were o x i d i z e d  w i t h  p e r c h l o r i c  a c i d  
s o l u t i o n s  rang ing  i n  b o i l i n g  p o i n t  f rom 155°C t o  203°C (concent ra ted  
p e r c h l o r i c  ac id ) .  The model compounds sub jec ted  t o  o x i d a t i o n  were 
dibenzothiophene, benzothiophene, d ipheny l  s u l f i d e ,  2-naphthalene- 
t h i o l ,  d ibenzy l  d i s u l f i d e ,  and d i o c t y l  s u l f i d e .  

The p resen t  s t u d y  was undertaken f o r  two reasons. The f i r s t  was 

EXPERIMENTAL 

Dibenzothiophene, benzothiophene, d ipheny l  s u l f i d e ,  2-naphthalene 
t h i o l ,  and d i o c t y l  s u l f i d e  were ob ta ined  f rom A l d r i c h  Chemical Company. 
Dibenzyl  d i s u l f i d e  was ob ta ined from Columbia Chemical Company. A l l  
reagents were used as received. A l l  r e a c t i o n s  were run  i n  a m o d i f i e d  
Bethge apparatus desc r ibed  p r e v i o u s l y  by McGowan and Markuszewski (4). 
The Bethge appara tus  was designed t o  ma in ta in  a cons tan t  b o i l i n g  
mixture.  The system was f i t t e d  w i t h  a t r a p  c o n t a i n i n g  15 pe rcen t  
hydrogen pe rox ide  t o  c o l l e c t  s u l f u r - c o n t a i n i n g  gases and conver t  them 
t o  su l fa te .  

A Note on Safety.  The use o f  p e r c h l o r i c  a c i d  a lone as an 
o x i d i z i n g  agent f o r  o rgan ic  m a t e r i a l s  always poses a hazard. I n  t h i s  
study, a l l  r e a c t i o n s  were performed i n  a hood and beh ind  an exp los ion  
s h i e l d .  For  each sample, r e a c t i o n s  were performed a t  t h e  lower  
temperatures f i r s t .  For r e a c t i o n s  a t  203"C, smal l  samples were reac ted  
t o  minimize t h e  p o s s i b i l i t y  o f  an exp los ion .  I n  t h e  course o f  t h i s  
study, a smal l  f i r e  occur red  d u r i n g  t h e  r e a c t i o n  o f  a 0.3-nL sample o f  
d i o c t y l  s u l f i d e  a t  190°C and f o r  a 0.1-nL sample o f  d i o c t y l  s u l f i d e  
reac ted  a t  203OC. The f i r e s  were conta ined i n  t h e  r e a c t i o n  vessel  and 
no glassware was broken. 
taken any t i m e  p e r c h l o r i c  a c i d  a lone i s  used as an o x i d i z i n g  agent f o r  
o rgan ic  ma te r ia l s .  

was fo l lowed.  
apparatus and t h e  b o i l i n g  p o i n t  ad jus ted  t o  t h e  des i red  temperature.  
By va ry ing  t h e  i n i t i a l  amount o f  p e r c h l o r i c  a c i d  s o l u t i o n  added, a 
f i n a l  volume of approx imate ly  50 mL was obtained. The p e r c h l o r i c  a c i d  
s o l u t i o n  was a l lowed t o  cool .  I n  t h e  case o f  d ibenzy l  d i s u l f i d e  and 
d i o c t y l  s u l f i d e ,  t h e  9:l  m i x t u r e  o f  p e r c h l o r i c  a c i d  and phosphor ic  a c i d  
was used i n s t e a d  of  o n l y  concent ra ted  p e r c h l o r i c  a c i d  f o r  t h e  r e a c t i o n  
a t  205°C. A weighed sample o f  t h e  s o l i d s  o r  a p i p e t t e d  sample o f  t h e  
l i q u i d s  was p laced i n  t h e  Bethge apparatus.  

The au thors  recommend t h a t  extreme ca re  be 

React ion  Procedure. For t h e  ox ida t i ons ,  t h e  f o l l o w i n g  procedure 
A p e r c h l o r i c  a c i d  s o l u t i o n  was added t o  t h e  Bethge 

The mass o f  t h e  l i q u i d  
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samples was c a l c u l a t e d  by u s i n g  handbook d e n s i t i e s .  A gas abso rp t i on  
b o t t l e  c o n t a i n i n g  100 mL o f  15 percent  hydrogen pe rox ide  was a t tached  
t o  t h e  t o p  of t h e  Bethge apparatus. N i t rogen  was used as t h e  purge 
gas. The r e a c t i o n  vessel  was heated t o  t h e  s t a b l e  r e a c t i o n  
temperature,  and t h e  r e a c t i o n  was a l lowed t o  proceed f o r  1.5 hrs. 
A f t e r  t h e  heat  was removed, t h e  system was purged f o r  an a d d i t i o n a l  30 
min. w i t h  n i t rogen.  The s o l u t i o n  i n  t h e  abso rp t i on  b o t t l e  was b o i l e d  
t o  i n s u r e  o x i d a t i o n  o f  a l l  t h e  s u l f u r  t o  s u l f a t e  and t o  reduce t h e  
volume t o  approx imate ly  25 mL. 
50-mL vo lumet r i c  f l a s k  and d i l u t e d  t o  mark. 
p e r c h l o r i c  a c i d  r e a c t i o n  m i x t u r e  was f i l t e r e d .  
t r a n s f e r r e d  t o  a 250-mL vo lumet r i c  f l a s k  and d i l u t e d  t o  mark. 

The s o l u t i o n  was t r a n s f e r r e d  t o  a 
A f t e r  coo l i ng ,  t h e  

The f i l t r a t e  was 

S u l f a t e  i n  t h e  t r a p  and t h e  f i l t r a t e  was determined by 
p r e c i p i t a t i o n  w i t h  bar ium and spec t rophotomet r ic  measurement o f  t h e  
t u r b i d i t y  o f  t h e  r e s u l t a n t  bar ium s u l f a t e  suspension. 
used was descr ibed by Markuszewski e t  a l .  ( 5 )  and m o d i f i e d  by McGowan 
and Markuszewski (4 ) .  
m a t e r i a l ,  t h e  s o l u t i o n s  were a l lowed t o  s i t  a t  l e a s t  ove rn igh t  and t h e  
sample used i n  t h e  a n a l y s i s  was p i p e t t e d  f rom t h e  supernatan t  l i q u i d .  
Since most o f  t h e  f i l t r a t e s  were a l s o  co lo red ,  t h e  absorbance o f  t h e  
sample w i t h o u t  bar ium c h l o r i d e  added was measured and sub t rac ted  f rom 
t h e  absorbance o f  t h e  t e s t  so lu t i ons .  I n  t h e  case o f  ana lys i s  o f  t h e  
f i l t r a t e s ,  p e r c h l o r i c  a c i d  was added t o  t h e  standards t o  approximate 
t h e  a c i d  concen t ra t i on  o f  t h e  f i l t r a t e s .  

The procedure 

Since some o f  t h e  f i l t r a t e s  conta ined a s o l i d  

RESULTS AND D I S C U S S I O N  

The r e s u l t s  f o r  t h e  o x i d a t i o n  o f  model compounds i n  which t h e  
s u l f u r  i s  a t tached d i r e c t l y  t o  an aromat ic  r i n g  appear i n  Tables 1-4. 
The r e s u l t s  were ve ry  s i m i l a r .  Only i n s i g n i f i c a n t  amounts o f  s u l f a t e  
were measured i n  p roduc ts  f rom t h e  r e a c t i o n s  c a r r i e d  o u t  a t  155OC. 
t h e  r e a c t i o n s  a t  17OoC, a s i g n i f i c a n t  amount o f  s u l f a t e  was measured 
f o r  2 -naphtha leneth io l  , w h i l e  t h e  remain ing  aromat ic  compounds s t i l l  
produced o n l y  i n s i g n i f i c a n t  amounts. With i n c r e a s i n g  temperature,  t h e  
amount o f  measured s u l f a t e  inc reased 1 i near l y ,  and s u l f u r  recovery  was 
complete f o r  t h e  r e a c t i o n s  c a r r i e d  ou t  a t  203OC. 
ma te r ia l s ,  most o f  t h e  s u l f a t e  was found i n  t h e  f i l t r a t e  as t h e  
temperature inc reased above 170°C. 

Table 1. Resu l ts  f o r  t h e  o x i d a t i o n  o f  d ibenzothiophene 

F o r  

For t h e  aromat ic  

(Theore t i  cal=17.4% s u l f u r )  

~~~ 

Boi 1 i ng Sample S u l f u r  S u l f u r  i n  To ta l  S u l f u r  
Po in t  Weight i n  Trap F i l t r a t e  S u l f u r  Recovered 
( " C )  ( 9 )  ( %  Samp.) ( %  Samp.) (% Samp.) (% o f  Theor.) 

155 0.3062 0.09 0.30 0.39 2.2 
170 0.3095 0.00 0.00 0.00 0.0 
180 0.3129 2.23 0.18 2.41 13.8 

203 0.2956 2.21 15.29 17.50 100.5 
190 0.2956 1.43 7.05 8.48 48.7 

227 



Table 2. Resu l t s  f o r  t h e  o x i d a t i o n  of benzothiophene 
( T h e o r e t i c a l  =23.9% su l  f u r )  

~~ ~ 

Boi 1 i n g  Sample S u l f u r  S u l f u r  i n  To ta l  S u l f u r  
Po in t  Weight i n  Trap F i l t r a t e  S u l f u r  Recoverd 
( " C )  ( 9 )  (% Samp.) (% Samp.) ( %  Samp.) ( %  of Theor.) 

150 0.5024 0.46 0.27 0.73 3.1 
155 0.4993 0.59 0.34 0.93 3.9 
170 0.5000 0.16 0.44 0.60 2.5 
180 0.5065 1.21 6.07 7.28 30.4 
190 0.5000 2.53 11.80 14.33 60.0 
203 0.0623 3.68 19.70 23.38 97.9 

Table 3. Resu l t s  f o r  t h e  o x i d a t i o n  of d ipheny l  s u l f i d e  
(Theore t i  cal=17.2% sul  f u r )  

Boi  1 i n g  Sample S u l f u r  S u l f u r  i n  To ta l  S u l f u r  
Po in t  Weight i n  Trap F i l t r a t e  S u l f u r  Recovered 
( " C )  ( 9 )  (% Samp.) (% Samp.) (% Samp.) (% o f  Theor.) 

150 0.3354 0.34 0.28 0.62 3.6 
155 0.3354 0.09 0.44 0.53 3.1 
170 0.3354 0.00 0.00 0.00 0.0 
180 0,3354 1,91 1.55 3.46 20.1 
190 0.3354 2.12 6.86 8.98 52.2 
203 0.1115 1.40 14.60 16.00 92.9 

Table 4. Resu l t s  f o r  t h e  o x i d a t i o n  of 2 -naphtha leneth io l  
(Theore t i  cal=20.0% s u l f u r )  

B o i l i n g  Sample S u l f u r  S u l f u r  i n  To ta l  S u l f u r  
Po in t  Weight i n  Trap F i l t r a t e  S u l f u r  Recovered 
( " C )  ( 9 )  (% Samp.) ( %  Samp.) ( %  Samp.) ( %  o f  Theor.) 

155 0.3118 0.13 0.00 0.13 0.7 
171 0.3022 1.67 0.80 2.40 12.0 
180 0.3138 2.63 8.52 11.15 55.8 
190 0.2961 1.98 11.74 13.72 68.6 
203 0.0996 1.24 20.67 21.91 109.6 

The r e s u l t s  f o r  t h e  o x i d a t i o n  o f  compounds i n  which t h e  s u l f u r  was 
a t tached t o  an a l i p h a t i c  carbon appear i n  Tables 5 and 6. For  these 
compounds, s i g n i f i c a n t  amounts o f  s u l f a t e  were found i n  t h e  pe rox ide  
t r a p s  f o r  r e a c t i o n s  a t  a l l  t h e  temperatures tes ted .  
d i s u l f i d e ,  87-108% o f  t h e  t h e o r e t i c a l  amount of s u l f u r  was recovered a t  

For  d ibenzy l  
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155-205°C. Over 80 percent  o f  t h e  s u l f u r  con ta ined i n  d ibenzy l  
d i s u l f i d e  was found i n  t h e  gas t r a p  f o r  every  r e a c t i o n  except t h a t  a t  
205OC. Lesser amounts o f  s u l f a t e  were measured f o r  r e a c t i o n  p roduc ts  
from d i o c t y l  s u l f i d e .  For t h e  r e a c t i o n s  a t  155OC and 170°C, t h e  
perox ide  t r a p s  had f o u l ,  nauseat ing  odors. Th is  suggested t h a t  t h e  
su l fu r - con ta in ing  gases t rapped  were t h i o l i c  i n  n a t u r e  and d i d  n o t  
e x i s t  as an ox id i zed  fo rm o f  s u l f u r .  
occur red  on t h e  carbon p o r t i o n  o f  t h e  molecule,  f o rm ing  sma l le r ,  more 
v o l a t i l e  o rganosu l fu r  compounds which escaped and were subsequent ly 
trapped. This was e s p e c i a l l y  t r u e  f o r  d ibenzy l  d i s u l f i d e ,  c o n t a i n i n g  
t h e  r e a c t i v e  benzyl  carbon. The amounts o f  s u l f a t e  measured i n  t h e  
f i l t r a t e s  f o r  d i o c t y l  s u l f i d e  were s i m i l a r  t o  t h e  amounts measured f o r  
t h e  aromat ic compounds. For  d ibenzy l  d i s u l f i d e ,  l e s s e r  amounts o f  
s u l f a t e  were measured i n  t h e  f i l t r a t e .  

Table 5. Resu l ts  f o r  t h e  o x i d a t i o n  o f  d ibenzy l  d i s u l f i d e  

The i m p l i c a t i o n  i s  t h a t  o x i d a t i o n  

(Theoret ical=26.0% s u l f u r )  

Boi  1 i ng Sample S u l f u r  S u l f u r  i n  T o t a l  S u l f u r  
Po in t  Weight i n  Trap F i l t r a t e  S u l f u r  Recovered 
("C) (9 )  ( %  Samp.) ( %  Samp.) (% Samp.) ( %  o f  Theor.) 

155 0.3099 21.78 0.86 22.64 87.3 
170 0.3068 22.16 1.17 23.90 90.0 
181 0.3050 22.20 2.18 24.38 93.8 
190 0.3000 22.33 3.43 25.76 98.8 
205 0.1090 9.48 18.82 28.30 108.8 

Table 6. Resu l ts  f o r  t h e  o x i d a t i o n  o f  d i o c t y l  s u l f i d e  
(Theoret ical=12.4% s u l f u r )  

~ ~~ 

Boi 1 i ng Sample S u l f u r  S u l f u r  i n  To ta l  S u l f u r  
Po in t  Weight i n  Trap F i l t r a t e  S u l f u r  Recovered 
("C) (9 )  (% Samp.) ( %  Samp.) (% Samp.) ( %  o f  Theor.) 

155 0.2526 3.72 0.00 3.72 30.0 
170 0.2526 4.08 0.00 4.08 32.9 
181 0.2526 6.02 2.97 8.99 72.5 
190 0.2526 7.24 4.34 11.56 93.2 
205 0.0842 1.41 12.56 13.97 112.6 

Benzothiophene, d ipheny l  s u l f i d e ,  and 2-naphtha leneth io l  were 
s o l u b l e  i n  p e r c h l o r i c  acid,  g i v i n g  c l e a r  so lu t i ons .  Only very  smal l  
amounts o f  char formed d u r i n g  t h e  r e a c t i o n s  a t  170°C t o  190°C. The 
odor of naphthalene was noted i n  t h e  f i l t r a t e s  o f  t h e  r e a c t i o n  o f  
2 -naphtha lene- th io l  a t  170°C and 180°C. A b lack  char formed d u r i n g  t h e  
r e a c t i o n  o f  d i o c t y l  s u l f i d e  a t  155"C, 170"C, and 180OC. The c o l o r  o f  
t h e  f i l t r a t e s  f rom t h e  above r e a c t i o n s  ranged from y e l l o w  a t  155OC t o  
orange and brown a t  1 7 O o C  and 18OoC, r e s p e c t i v e l y ,  and back t o  c l e a r  a t  
203°C. 
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Dur ing  t h e  o x i d a t i o n  o f  d ibenzy l  d i s u l f i d e ,  a pu rp l i sh -b lack ,  
gummy s o l i d ,  r e p r e s e n t i n g  f rom 60 t o  90 percent  o f  t h e  sample mass, 
formed a t  tempera tures  f rom 155°C t o  190°C. 
i n d i c a t e d  t h a t  some new compounds were formed a t  temperatures below 
203°C. The f i l t r a t e  was orange-pink a t  155"C, l i g h t  orange a t  170"C, 
orange w i t h  a green t i n t  a t  181°C, dark brown a t  19O"C, and c o l o r l e s s  
a t  203°C. 

Dibenzothiophene was i n s o l u b l e  i n  p e r c h l o r i c  ac id ,  and unreacted 
dibenzothiophene was recovered f rom r e a c t i o n s  c a r r i e d  ou t  a t  180°C and 
below. Th is  s o l i d  
m a t e r i a l  was analyzed by F o u r i e r  t r a n s f o r m  i n f r a r e d  spectroscopy and 
mass spectrometry.  Three s e r i e s  o f  compounds were i d e n t i f i e d  i n  t h e  
sol id. 
su l fones  c o n t a i n i n g  f rom one t o  seven c h l o r i n e  atoms. A second s e r i e s  
cons is ted  o f  c h l o r i n a t e d  dibenzothiophenes c o n t a i n i n g  from one t o  e i g h t  
c h l o r i n e  atoms. A minor  s e r i e s  o f  c h l o r i n a t e d  compounds f o r  which t h e  
base was d ibenzoth iophene p l u s  t h r e e  oxygen atoms was a l s o  i nd i ca ted .  
No s o l i d  was recovered f rom t h e  r e a c t i o n  c a r r i e d  ou t  a t  203°C. 

The c o l o r  of  t h e  f i l t r a t e s  

A d i f f e r e n t ,  y e l l o w  s o l i d  was formed a t  190°C. 

The ma jo r  s e r i e s  cons is ted  o f  c h l o r i n a t e d  dibenzothiophene 

CONCLUSIONS 

Aromatic s u l f u r  compounds a r e  n o t  o x i d i z e d  t o  s u l f a t e  o r  a 
s u l f u r - c o n t a i n i n g  gas by p e r c h l o r i c  a c i d  hav ing  b o i l i n g  p o i n t s  o f  170°C 
o r  lower. A t  h i g h e r  temperatures,  a romat ic  s u l f u r  compounds apparen t l y  
a r e  o x i d i z e d  by p e r c h l o r i c  a c i d  f i r s t  t o  su l fones  and c h l o r i n a t e d  
su l fones ,  then t o  s u l f o n i c  ac ids  and f i n a l l y  t o  s u l f a t e .  V o l a t i l e  
su l  f u r - c o n t a i n i n g  gases a re  no t  produced by t h i s  o x i d a t i o n  sequence. 
However, f o r  a l i p h a t i c  s u l f u r  compounds, t h e  carbon p o r t i o n  i s  
apparen t l y  o x i d i z e d  a t  lower  temperatures,  r e s u l t i n g  i n  t h e  f c rma t ion  
o f  v o l a t i l e  s u l  f u r - c o n t a i n 1  ng compounds which a r e  t rapped i n  hydrogen 
peroxide. 

For  a n a l y s i s  o f  a coa l  c o n t a i n i n g  a l i p h a t i c  s u l f u r  near t h e  end o f  
a chain, i t  i s  p o s s i b l e  t h a t  some o f  t h e  s u l f u r  measured a f t e r  r e a c t i n g  
t h e  coal a t  155°C c o u l d  be due t o  o rgan ic  s u l f u r ,  t hus  caus ing  a 
p o s i t i v e  e r r o r  i n  t h e  measurement o f  p y r i t i c  s u l f u r .  However, d u r i n g  
prev ious  o x i d a t i o n  r e a c t i o n s  o f  seve ra l  d i f f e r e n t  coa ls ,  no odor has 
eve r  been no ted  around t h e  t r a p  o f  t h e  r e a c t i o n  c a r r i e d  ou t  a t  155"C, 
i n d i c a t i n g  t h a t  t h i s  p o s s i b i l i t y  i s  p robab ly  low. Since a d i f f e r e n c e  
has been noted i n  t h e  o x i d a t i o n  o f  a romat ic  s u l f u r  and a l i p h a t i c  s u l f u r  
compounds, t h e  p o s s i b i l i t y  o f  d i s t i n g u i s h i n g  between t h e  two forms 
e x i s t s ,  and f u r t h e r  i n v e s t i g a t i o n  i s  warranted. 
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